Abstract: This article describes the structure and the working principle of the blind hole drilling device, by application in the production practice proves its feasibility. At present, we commonly used electrical discharge machining and welding method to solve the problem. However, these methods have the low processing efficiency, low manufacturing precision and high cost defect. This paper developed an inner wall of the blind hole drilling device, similar to a stand-alone machine accessories, adopted the bevel gear transmission. which can directly mounted on vertical or horizontal milling machine, with a few minutes to complete the processing operations. This device not only has high processing efficiency and accuracy, but also greatly reducing the production cost.
INTRODUCTION
Drilling is a common process in machining processing. Generally it divided into the through hole drilling and the blind hole drilling, which the deep hole drilling and the abnormal hole drilling belong to the hard machining process, need to use special equipment and tools. For example, petroleum logging instrument for the need of cylinder structure, generally on the inner hole wall design a blind hole. As shown in Fig. (1) holes φ12mm [1] . The blind hole drilling has following problems: (1) By the inner aperture (φ76) constraints, the blind hole drilling can not be processed in the conventional machine, and the design of the special tools are more difficult [2] .
(2) The overhang of special tool is longer and less rigid, which easy knife fight.
It's difficult to visually observe the cutting conditions, easy to block debris and knife fight [3] .
At present, the blind hole processing usually adopts the following methods:
Firstly, drill a hole opposite the blind hole from the outer wall, after processing then welding the hole which do not need [4] . Although this method is simple and practical, but the high temperature of welding causes the machined surface deformation and residual stress, influence the precision and the service life of parts.
(2) Using electrosparking process. This method can guarantee the machining quality, and doesn`t damage other places` machining accuracy [5] . However, due to the barrel length is longer, generally unable to locate the position of electrosparking machine, and electrosparking machining efficiency is lower, higher processing costs.
Therefore, this study is aimed at the inner wall of the blind hole drilling characteristics, to design a drilling device, by means of horizontal or vertical milling machine, a convenient location and clamping on the barrel, but also efficient completion of the blind hole drilling process, reduce production costs [6] .
THE STRUCTURAL DESIGN OF THE BLIND HOLE DRILLING DEVICE
According to the structure of the hole wall, drilling device can use the following two kinds of transmission way:
A plurality of straight tooth cylindrical gear power transmission mode, as shown in Fig. (2) . This transmission mode can complete the blind hole drilling task, but because of its power through a multi-stage gear transmission, lower transmission accuracy and efficiency, less rigid prone to vibration.
(2) Adopt the bevel gear transmission. This mode of transmission is through a pair of bevel gears, which not only changes the direction of power, and improves the machining efficiency and tool rigidity. Based on the above analysis [7] , we adopt bevel gear transmission mode and structure design, the blind hole drilling device is mainly composed of a long shaft, a short shaft, a pair of bevel gear and a keyway milling cutter. By connecting with the universal vertical milling machine or horizontal milling spindle (with universal milling head), power through the long axis, bevel gears, short axis finally passed to the tool to complete the blind hole drilling. Its structure is shown in Fig. (3) .
1-Tool; 2-The driven shaft; 3-Bearing; 4-Driven bevel gear; 5-Driving bevel gear; 6-Driving shaft; 7-Flange; 8-The cone sleeve; 9-Machine tool spindle; 10-Pull rod Fig. (3) . The inner wall of the blind hole drilling device structure.
Because the inner wall diameter of only φ76mm, making the size of the blind hole drilling devices are more restricted, not only to achieve a compact overall structure, but also to ensure that the gear has sufficient strength [9] . Bevel gear drive process generally requires consideration of tooth contact fatigue strength and tooth root bending fatigue strength. The former is mainly concerned with the apex and the latter only affect by modulus. Through the study of the nature of the discovery process blind holes, blind holes do not belong to conventional machining operations, the application of frequency is not high, mainly in the form of damage is the tooth root broken, it should be focused on the bending fatigue strength considerations. In other words, it's should increase the modulus gear, ensure compliance with the requirements modulus gear.
Blind hole diameter machined parts on the requirement isφ12mm, with a depth of 5mm. Therefore, the size of the tool and the supporting bearing specifications and dimensions which matched with the tool roughly determined. From the relationship between the structure in Fig. (3) shown, taking into account the driven bevel gear assembly must be installed by a bearing hole, so that the size of the outer bearing diameter restrict the driven bevel gear. Straight shank keyway cutter connected by threads and short shaft, without affecting the normal drilling tool premise, we should minimize the amount of drive shaft extends, and to determine the positioning surface in the threaded end of the tool. There is no special requirement on the cutting speed, therefore, the design of the transmission gear ratio set to 1:1. Thus, the driving and driven wheels may take the same diameter, in accordance with the actual status of the spatial location. After determining the transmission ratio, it can be roughly determined the size of the outer diameter of the driving and driven wheels according to the bearing size, thus the transmission part of the device size is approximately determined.
The next question is how to choose the modulus and teeth. Because of space constraints, the diameter is not too large, in order to increase the modulus m, can reduce tooth number Z, Z is taken as 15, which is smaller than the smallest teeth 17 that prevented undercut but higher than the value of 12 that guaranteed not undercutting. Although this choice will have some influence on the stability of device, but strength is increased, the device can ensure the normal use. The modulus m=2, check as following: Therefore, parameter selection of above the design can meet the strength requirements.
In addition, the structure is also considered the driving wheel and the transmission shaft are made into a whole, which increased the strength, but also makes processing and assembly process can be simplified.
CONNECTION WITH THE MACHINE
In practical application, the device is connected by the milling machine to complete the blind hole drilling. The structure shown in Fig. (3) , the device through the conical sleeve is connected with the drilling tool axis, directly installed in the universal vertical or horizontal milling machine, conical sleeve friction generated by rod tension transfer machine tool spindle torque. In addition, the drilling device through flange fixed on a milling machine, which has the advantages of simple structure, convenient assembly and disassembly.
THE TEST
In order to verify the feasibility of the device, we tested the inner wall of the blind hole processing device. With the help of XA6132 horizontal milling machine (with universal milling head, the spindle rotates to the direction parallel to the length of the table) under the conditions of 150r/min speed, 1mm/min feed rate, the parts to be processed by the test, that is done in the specified location φ12mm, 5mm depth blind hole machining. The processing site is shown in Fig. (4) . Fig. (4) . The processing site of the test.
CONCLUSION
Through the above study, the device can complete the processing operation in a few minutes, the machining efficiency and accuracy is higher, but also greatly reduce the production cost, provides a convenient method for blind hole processing. By changing the cutter, the device also can process other inner blind hole which have the same requirement but in different diameter. So that the work blind holes in this particular process becomes easy to implement.
